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(57) ABSTRACT 

A ?ber-optic switch uses a ?ber-optic switching element in 
which a moving ?ber (1) is positioned by a switching body 
(2) on a ?rst stop (3) in front of a ?rst ?ber (4) which is 
arranged in a ?xed position, or on a second stop (5) in front 
of a second ?ber (6) which is arranged in a ?xed position, (21) Appl. No.: 10/169,526 
with the moving ?bers (1) being moved with respect to the 

(22) PCT Filed; Jan, 2, 2001 ?rst or second stop (3, 5) by the switching body (2) for 
positioning, and being pressed ?at against the ?rst or second 

(86) PCT No.: PCT/EP01/00007 stop (3, 5). 
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FIBER-OPTIC SWITCHING ELEMENT 

[0001] This invention relates to a ?ber-optic switch and to 
a ?ber-optic switch component Which comprises one or 
more ?ber-optic sWitches. In particular, the invention relates 
to a ?ber-optic 1><2 sWitching element, one or more of Which 
is or are contained in a ?ber-optic sWitch. 

[0002] In a ?ber-optic 1><2 sWitching element, a moving 
light guide ?ber is generally positioned by means of a 
sWitching body either in front of a ?rst light guide ?ber 
Which is arranged in a ?Xed position or in front of a second 
light guide ?ber Which is arranged in a ?Xed position. For the 
sake of simplicity, a light guide ?ber is referred to as a ?ber 
in the folloWing teXt. 

[0003] According to GB 2 107 481 A, a moving optical 
?ber is arranged Within a spiral spring, and is positioned by 
means of a V-shaped groove in front of a ?rst ?ber, Which 
is arranged in a ?Xed position, With there being no load on 
the spiral spring. The moving optical ?ber can be positioned 
from the rest position in front of the ?rst ?ber, Which is 
arranged in a ?Xed position, in a V-shaped groove in front of 
a second optical ?ber, Which is arranged in a ?Xed position, 
by means of a sWitching body Which rests on the spiral 
spring and can be operated, for eXample, manually. The 
?bers, Which are arranged in ?Xed positions, do not neces 
sarily rest on one of the V-shaped grooves, but are only 
aligned With respect to them. 

[0004] WO88/02869 discloses an optical sWitch in Which 
a moving ?ber is ?rmly connected to a sWitching body, by 
means of Which it can be guided With respect to one of tWo 
V-shaped stop surfaces, on each of Which a ?ber Which is 
arranged in a ?Xed position rests. Mechanical stops are 
provided in order to limit the movement of the sWitching 
body and are arranged such that the optical ?bers abut 
closely against the respective V-shaped stop by virtue of 
their intrinsic stress. 

[0005] EP 0 644 447 A1 discloses a mechanical optical 
sWitch, in Which a movable optical ?ber is provided With a 
magnetic ?ber sleeve, in order to position the movable 
optical ?ber in front of a ?rst or a second optical ?ber, Which 
are arranged in ?Xed positions. 

[0006] As in the optical sWitches Which are disclosed in 
GB 2 107 481 A and in WO88/02869, and also according to 
the teaching of EP 0 644 447 A1, the moving optical ?ber is 
guided With respect to a respective stop surface, on Which 
the ?rst and/or second optical ?ber or ?bers, Which is or are 
arranged in a ?Xed position or in ?Xed positions, rests or rest 
and/or With respect to Which the ?rst and/or the second 
optical ?ber or ?bers Which is or are arranged in a ?Xed 
position or ?Xed positions is or are aligned, With a stop 
Which is used in each case having tWo positioning surfaces, 
that is to say tWo surfaces on Which the ?bers Which are 
arranged in ?Xed positions each lie and With respect to Which 
they are aligned, and With respect to Which the moving 
optical ?bers are in each case guided. 

[0007] The optical sWitches described above require com 
pleX drives, collimation optics or precision mechanisms for 
positioning of the ?bers, since the moving ?ber is in each 
case bent toWard the stop, on the side facing aWay from the 
contact point, With one of the ?bers Which are arranged in 
?Xed positions, and rests against this stop, in order that the 
?ber is not bent beyond the deliberate bending and Would 
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thus no longer be aligned correctly With respect to the 
respective ?ber arranged in a ?Xed position. Furthermore, 
sWitches such as these are very expensive and/or large due 
to the comparatively costly coating With magnetic material 
or the ?Xed mounting on comparatively costly mechanical 
actuators. Furthermore, the Way that the ?bers are grouped 
in ferrules also results in a considerable space requirement. 

[0008] The invention is thus based on the object of speci 
fying a ?ber-optic sWitching element, by means of Which a 
?ber-optic sWitch or a ?ber-optic sWitch component com 
prising a number of ?ber-optic sWitches can be constructed, 
Which can be produced easily and at loW cost. 

[0009] According to the invention, this object is achieved 
by a ?ber-optic sWitching element as claimed in patent claim 
1. Advantageous developments of the ?ber-optic sWitching 
element according to the invention are de?ned in the sub 
sequent patent claims 2 to 11. 

[0010] A ?ber-optic sWitch and a ?ber-optic sWitch com 
ponent according to the invention, respectively, are speci?ed 
in the independent patent claims 12 and 13. 

[0011] In contrast to the knoWn optical sWitches described 
above, the moving ?ber according to the invention is not 
bent toWard the stop, that is to say it is not draWn to it, but 
is moved to the stop and is pressed ?at against it. This has 
the advantage that material characteristics of the ?ber, such 
as its bending stiffness, no longer need to be taken into 
account in the design, since the adjustment of the moving 
?ber is carried out on the ?ber itself and not—as according 
to the described prior art—on the sWitching body, as a result 
of Which, furthermore, there is no need for precise mechani 
cal guides for the sWitching body, since it noW acts only as 
a driver. In this case, even greater precision is achieved, 
since the movement is stopped by the ?ber itself being 
stopped on the adjustment structure. 

[0012] Further advantages of the invention Will be 
explained using the folloWing description of eXemplary 
embodiments of the invention and With reference to the 
attached draWings, in Which: 

[0013] FIG. 1a shoWs a plan vieW of a ?rst embodiment of 
a ?ber-optic sWitching element according to the invention; 

[0014] FIG. 1b shoWs a section illustration of the ?rst 
embodiment according to the invention, as illustrated in 
FIG. 1a; 

[0015] FIG. 2a shoWs a plan vieW of a second embodiment 
of a ?ber-optic sWitching element according to the inven 
tion; 

[0016] FIG. 2b shoWs a section illustration of the second 
embodiment according to the invention, as illustrated in 
FIG. 2a; 

[0017] FIG. 3 shoWs tWo sWitching states of a further 
design variant of the second embodiment according to the 
invention; 

[0018] FIG. 4 shoWs a three-dimensional illustration of the 
individual parts of a further design variant of the second 
embodiment according to the invention; 

[0019] FIG. 5 shoWs a housing for the sWitching element 
shoWn in FIG. 4; 
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[0020] FIG. 6 shows the design of a bistable magnetic 
actuator, Which can be used for the switching of a ?ber-optic 
switching element according to the invention; 

[0021] FIG. 7 shoWs a longitudinal section through a 
?ber-optic sWitching element according to the invention, in 
order to illustrate the axial and lateral attachment of the 
optical ?bers; 
[0022] FIG. 8 shoWs a cross section through a ?ber-optic 
sWitching element according to the invention, in order to 
illustrate one advantageous lateral attachment of the optical 
?bers, Which are arranged in ?xed positions; 

[0023] FIG. 9 shoWs the capability to arrange a number of 
?ber-optic sWitching elements according to the invention to 
form a ?ber-optic sWitch according to the invention; 

[0024] FIG. 10 shoWs a plan vieW of a third embodiment 
of a ?ber-optic sWitching element according to the inven 
tion; and 

[0025] FIG. 11 shoWs various section illustrations of the 
third embodiment according to the invention, as illustrated 
in FIG. 10. 

[0026] The preferred embodiments of the invention Will be 
described on the basis of the situation in Which the signal 
Which originates from a moving input ?ber can be sWitched 
alternately betWeen tWo output ?bers Which are arranged in 
?xed positions, that is to say the moving input ?ber can be 
selectively positioned in front of one of tWo output ?bers 
Which are arranged in ?xed positions. Both the input ?ber 
and the output ?bers may be single-mode or multimode 
?bers. The ?ber-optic sWitching element according to the 
invention may, of course, also be designed for a signal How 
in the opposite direction, in Which one of tWo input signals 
Which are introduced through a respective input ?ber Which 
is arranged in a ?xed position is passed to a moving output 
?ber, Which can selectively be positioned in front of it. 

[0027] FIGS. 1a and 1b shoW a ?rst preferred embodiment 
of the invention, in Which the moving input ?ber 1 and the 
output ?bers 4, 6, Which are arranged in ?xed positions, are 
located in a common, approximately rectangular groove in 
a body 8, Which is referred to in the folloWing text as a ?ber 
groove, With the input ?ber 1 being opposite one of the tWo 
output ?bers 4, 6, depending on the sWitching state. The 
described ?xed arrangement of the output ?bers relates only 
to their lateral direction, that is to say to the fact that they rest 
on respective adjustment surfaces. 

[0028] Signals are transmitted via an end face coupling, 
With there being a gap betWeen the ?ber end surfaces, Which 
is governed by the axial ?xing of the ?bers. When using an 
index matching liquid, the ?bers may be in this case cut at 
right angles or may be inclined at a de?ned angle. In general, 
an index matching liquid carries out a number of functions. 
Firstly, it reduces backWard re?ections on the ?ber end 
surfaces of the mutually opposite ?bers While, secondly, the 
Widening of the beam, Which is output from the input ?ber 
1, in the gap betWeen the input ?ber 1 and the corresponding 
output ?ber 4, 6 is reduced. Furthermore, the movement of 
the ?ber in the sWitch is lubricated by the liquid, thus 
reducing Wear on the materials Which in this case rub against 
one another, and the liquid prevents the ?bers from Which 
the sleeves have been removed from becoming brittle as a 
consequence of the ingress of Water. If, on the other hand, no 
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index matching liquid is used, then the back re?ection is 
advantageously reduced by the ?ber end surfaces being 
inclined. HoWever, in this case, due to the increase in the 
Width of the beam in the gap, the injection loss is higher than 
When using an index matching liquid. In this case, both 
variants may advantageously be combined With one another, 
in order to obtain particularly loW back-re?ection and loW 
optical attenuation. 

[0029] As an alternative to transmitting signals via a gap 
located betWeen the ?ber end surfaces, it is possible With the 
?ber-optic sWitching element according to the invention for 
the ?ber ends also to be coupled, by Way of example, by 
direct contact by means of a spring mechanism, as is 
disclosed by Way of example in WO88/02869, Which has 
already been mentioned above. 

[0030] The movement of the input ?ber 1 from the ?rst 
sWitching state in front of the ?rst output ?ber 4 Which is 
arranged in a ?xed position, to the second sWitching state in 
front of the second output ?ber 6 Which is arranged in a ?xed 
position is carried out electromagnetically, as Will be 
described in more detail in the folloWing text With reference 
to FIG. 4, and With the tWo sWitching states being stable 
When no poWer is supplied. The poWer supply is required 
only to change the sWitching state, With a sWitching body 2, 
Which is not ?rmly connected to the moving input ?ber 1 and 
has at least one permanent-magnet part, being moved 
betWeen the tWo de?ned positions by means of electromag 
netic forces. Alternatively, a monostable arrangement can 
also be achieved by appropriate choice of the distances 
betWeen the permanent-magnetic part and the coil core. 

[0031] The adjustment of the ?rst output ?ber 4 and of the 
moving input ?ber 1 in front of the ?rst output ?ber 4, Which 
is arranged in a ?xed position, is carried out on a ?rst stop 
3, and the adjustment of the second output ?ber 6, Which is 
arranged in a ?xed position, and of the moving input ?ber 1 
in front of the second output ?ber 6, Which is arranged in a 
?xed position, are carried out on a second stop 5. The ?rst 
stop 3 and the second stop 5 are formed by a respective side 
Wall 3a, 5a as Well as the base 3b and 5b of the ?ber groove 
Which is provided in the body 8. Since the structure of these 
surfaces Which form the respective stop is kept simple, they 
can be manufactured With high precision at relatively loW 
cost. 

[0032] FIG. 1b shoWs a section illustration of the ?rst 
embodiment of the invention, as shoWn in FIG. 1a, along the 
line AB shoWn in FIG. 1a, With FIGS. 2a and 2b shoWing 
only the functional principle, but not assemblies Which are 
not signi?cant to this purpose, for example the electromag 
netic actuator Which is shoWn in FIG. 1a. 

[0033] FIG. 1b shoWs the moving input ?ber 1, Which is 
located in the ?ber groove and rests on the second stop 5, 
Which comprises the side Wall 5a and the base region 5b, 
adjacent to it, of the ?ber groove. In the case shoWn here, the 
?ber groove has a depth, that is to say a side Wall height, 
Which is less than the ?ber diameter but is greater than half 
the ?ber diameter. A carriage 2c of the sWitching body 2 is 
located such that it rests on the body 8 and has a groove 
Which is aligned With the ?ber groove and is referred to in 
the folloWing text as a sWitching groove. The carriage 2c can 
move in the transverse direction into the ?ber groove. The 
sWitching groove Which is located in the carriage 2c has 
inclined side surfaces 2a, 2b Which, in the illustrated case, 
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are at an angle of (X=45° to the side Walls 3a, 5a and to the 
base 3b and 5b of the ?ber groove Which is located in the 
body 8, such that the switching groove has the cross 
sectional shape of a trapezoid in Which the open side facing 
the body 8 is the longer side. The depth of this sWitching 
groove Which is formed in the carriage 2c is chosen such that 
the moving input ?ber 1 does not abut against its base. The 
Width of the sWitching groove is chosen such that that part 
of the moving input ?ber 1 Which projects from the ?ber 
groove easily ?nds space therein. The angle 0t may also be 
chosen, in contrast to the above situation, such that a contact 
pressure force is produced on both stop surfaces 3a, 3b and 
5a, 5b, With the angle advantageously being betWeen 20° 
and 70°. Furthermore, side surfaces 2a, 2b may also be 
chosen having a conveX or concave cross section. 

[0034] A cover 10, Which forms a cavity of height h and 
in Which the carriage 2c can move transversely With respect 
to the ?ber groove is placed on the body 8. The carriage 2c 
has a height D. 

[0035] As can be seen from FIG. 1b, the moving input 
?ber 1 is adjusted on the ?ber itself and not on the sWitching 
body 2, so that greater precision is achieved. The movement 
of the carriage 2c in the transverse direction With respect to 
the ?ber groove is constrained only by the fact that the 
moving ?ber 1 rests on the ?rst stop 3 or on the second stop 
5, and hence also stops the carriage 2c Which moves the 
moving ?ber 1 but does not strike against the end Walls of 
the cavity formed by the body 8 and the cover 10. The 
carriage 2c per se need carry out only an imprecise move 
ment, so that there is no need for precise mechanical guides 
for the carriage 2c. This acts as a driver, Which moves the 
moving ?ber 1 to the respective stop, and presses said ?ber 
1 against it. Since the side Walls 2a, 2b of the sWitching 
groove each have a 45° chamfer, as already described, the 
force is introduced to the moving ?ber 1 at 45° to the 
movement direction, as a result of Which the ?ber is at the 
same time pressed against one side Wall 3a, 5a and against 
the base 3b and 5b of the ?ber groove, that is to say against 
the complete adjustment structure. This force also acts When 
the moving input ?ber 1 is in the stop position such that this 
moving input ?ber 1 is adjusted in tWo dimensions at the 
same time by the application of the one-dimensional force. 

[0036] Since the carriage 2c Which mechanically moves 
the moving input ?ber 1 is not ?rmly connected to the input 
?ber 1, it can be ?tted easily. If the carriage —as already 
stated—only has to eXert pressure on the ?ber—it requires 
neither high-precision guidance nor precise eXternal dimen 
sions, but only a respective planar stop surface 2a, 2b. If, as 
shoWn in FIG. 2a, the carriage 2c is located in a cavity, then 
the height of the sWitching body D may be smaller by an 
amount betWeen 0 and t than the cavity height h, Without 
in?uencing the positioning of the moving input ?ber 1, 
Whose diameter is 2 r. The maXimum tolerance t (=difference 
betWeen the cavity height h and the sWitching body height 
D) is dependent on the height y betWeen the respective side 
Wall 3a or 5a and the ?ber groove, on the angle 0t of the stop 
surface of the carriage 2c to the side Wall of the respective 
stop 3a or 5a, and on the radius r of the ?ber that is used. As 
is shoWn in FIG. 1b, this can be calculated in the form 
t=r(1+sin ot)—y. This design variant is feasible only When, for 
the height y: r§y§r(1+sin 0t). 
[0037] In one alternative design variant for the ?rst 
embodiment according to the invention as shoWn in FIGS. 
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1a and 1b, the carriage of the sWitching body does not run 
on the surface of the body 8 but in a guide groove Which is 
provided in it, is arranged transversely With respect to the 
?ber groove, and intersects it. In this case, the carriage of the 
sWitching body has a sWitching groove Which is formed in 
accordance With the ?rst design variant as shoWn in FIGS. 
1a and 1b but is deeper so that, in this case, the moving input 
?ber 1 likeWise does not rest on the base of the sWitching 
groove. 

[0038] In this second design variant, the carriage is guided 
in the guide groove in order to move the ?ber against a 
respective stop 3, 5, and to press it against this stop. This 
guide groove does not, hoWever, need to be manufactured 
With high precision, in contrast to the ?ber groove, since the 
carriage is in the form of a driver. 

[0039] In particular, as also in the ?rst design variant, only 
one stop surface is in each case required, Which is planar and 
is formed by a respective side Wall of the sWitching groove, 
although the guide groove should be manufactured With 
suf?cient precision that a force Which is applied to the 
moving input ?ber 1 is distributed as far as possible over an 
entire stop surface. The guide groove should thus alloW 
alignment of the carriage to the eXtent that its stop surfaces 
are not at right angles to the movement direction of the 
carriage, in order that force can be transmitted from the 
entire stop surface to the moving input ?ber 1. A “loose” 
movement of the carriage Which is advantageous for this 
purpose is promoted, in particular, by the electromagnetic 
operation Which is described in more detail in the folloWing 
teXt With reference to FIG. 6. HoWever, other con?gurations 
of actuators for the carriage, and Which alloW the carriage to 
be aligned Within the guide groove, are also possible. 

[0040] FIGS. 2a and 2b shoW a second embodiment 
according to the invention, in Which the sWitching body 2 
does not just comprise a carriage 2c With a sWitching groove 
Which has the cross-sectional shape of a trapeZoid, but 
comprises a carriage 2c With at least tWo runners 2d, 26, 
Which are arranged in axially offset positions With respect to 
the moving ?ber 1, are each aligned at right angles to the 
?ber groove, and each have a planar stop surface 2a, 2b, With 
the stop surfaces 2a, 2b being inclined in a corresponding 
manner to one of the stop surfaces 2a, 2b of the carriage 2c 
in the ?rst embodiment. The runners 2d, 26 may each be 
con?gured according to the ?rst or the second design variant 
of the ?rst embodiment of the invention, that is to say they 
may either be arranged above the ?ber groove that is formed 
in the body 8, With the ?ber groove in this case having a 
height Which is less than the ?ber diameter of the moving 
?ber 1, or may be guided in a respective guide groove, Which 
is arranged in the body 8 transversely With respect to the 
?ber groove located therein, but not intersecting it, and 
instead only opening into it on one respective side. The 
carriage 2c of the sWitching body 2 according to the second 
embodiment of the invention is arranged such that it is 
alWays located above the moving ?ber 1, that is to say it 
never touches it. 

[0041] In the illustration shoWn in FIG. 2a, Which shoWs 
a section along the line A“B“ shoWn in FIG. 2b, it can be 
seen that the moving input ?ber 1 is positioned, by means of 
a second runner 26, With a stop surface 2b on the second stop 
5 in front of the second output ?ber 6, Which is arranged in 
a ?Xed position. Since the second runner 26 is arranged such 
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that it is laterally offset With respect to a ?rst runner 2d, the 
moving input ?ber 1 is not moved to an interruption in the 
side Wall 5a of the second stop 5, pressing against it, but to 
a continuous stop surface. The moving input ?ber 1 can be 
positioned in front of the ?rst output ?ber 4, Which is 
arranged in a ?Xed position, by means of the ?rst runner 2d, 
Which is arranged laterally offset With respect to the second 
runner 26 With regard to the moving input ?ber 1 and has a 
?rst stop surface 2a, With the moving input ?ber 1, in this 
case as Well, not being moved With respect to an interruption 
in the side Wall 3a of the ?rst stop 3 and pressing against it, 
but With respect to a continuous stop surface. 

[0042] FIG. 2b shoWs a section illustration of the second 
embodiment along the line A‘B‘ shoWn in FIG. 2a, corre 
sponding to FIG. 1b, for the ?rst embodiment according to 
the invention. It can be seen that the second stop surface 2b 
of the second runner 2e presses the moving input ?ber 1 
against the continuous side Wall 5a and the base region 5b 
of the ?ber groove Which forms the second stop 5. In a 
corresponding Way, there is no interruption in the side Wall 
3a of the ?rst stop in the section plane Which runs through 
the ?rst runner 2d. 

[0043] FIG. 2b shoWs the ?rst runner 2a' with an angle 
ot=45° through Which the stop surfaces 2a and 2b are 
inclined With respect to the side Walls 5a and 3a of the ?ber 
groove. 

[0044] The second embodiment of the invention, Which is 
shoWn in FIGS. 2a and 2b, is constructed according to the 
second design variant of the ?rst embodiment of the inven 
tion. The second embodiment according to the invention 
(With laterally offset runners) may, of course, also be con 
structed according to the invention in accordance With the 
?rst design variant, as is shoWn in FIGS. 1a and 1b, of the 
?rst embodiment. The design variant of the second embodi 
ment according to the invention as shoWn in FIGS. 2a and 
2b can also be produced for heights y§r(1+sin 0t) in the 
same Way as the second design variant of the ?rst embodi 
ment according to the invention. The guide grooves are in 
this case located at a height yN above the ?ber groove, 
Where yN_maX=r. In this case, the tolerance t is calculated to 
be t=r(1+sin 0t) —yN. The precision requirements are thus 
less stringent the smaller yN is, and yN may also be negative. 

[0045] In the design variant of the second embodiment 
according to the invention as shoWn in FIG. 3, the sWitching 
body 2 in each case has three runners 2d, 26, Which are 
arranged on the carriage 2c and act in one direction, that is 
to say a total of siX runners 2d, 26, of Which the three ?rst 
runners 2d each have a planar ?rst stop surface 2a Which 
corresponds to the ?rst side Wall of the carriage 2c in the ?rst 
embodiment according to the invention, and three second 
runners 26 each have a planar second stop surface 2b Which 
corresponds to the second side Wall of the carriage 2c in the 
?rst embodiment according to the invention. The respective 
stop surfaces 2a, 2b are each aligned such that they are ?ush 
With one another, such that they move the moving ?ber 1 
jointly and press it ?at against the respectively correspond 
ing ?rst or second stop. 

[0046] The left-hand side of FIG. 3 shoWs a ?rst sWitching 
state, in Which the moving input ?ber 1 is positioned in front 
of the ?rst output ?ber 4, Which is arranged in a ?Xed 
position, that is to say on the ?rst stop 3. The upper part 
shoWs a plan vieW and the loWer part shoWs a section 
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illustration along the line C‘D‘ shoWn in the upper part, With 
the carriage 2c of the sWitching body 2, Which is indicated 
by a dashed line in the upper part, not being shoWn since the 
aim is to describe only the principle of operation. It can be 
seen that the moving input ?ber 1 is moved to the ?rst side 
Wall 3a and the base 3b of the ?ber groove for positioning 
in front of the ?rst output ?ber 4, Which is arranged in a ?Xed 
position, and is pressed against the ?rst side Wall 3a and the 
base 3b of the ?ber groove. 

[0047] The right-hand side of FIG. 3 shoWs a second 
sWitching state, in Which the moving input ?ber 1 is 
arranged in front of the second output ?ber 6, Which is 
arranged in a ?Xed position. In this case, the moving input 
?ber 1 is moved to the second side Wall 5a and the base 5b 
of the ?ber groove and is pressed against them, as is shoWn 
in FIG. 2b for the ?rst design variant of the second embodi 
ment according to the invention and in the loWer right-hand 
part of FIG. 3 Which, corresponding to the loWer left-hand 
part of FIG. 3, shoWs a section along the line CD that is 
shoWn in the upper part. 

[0048] The in?uence of force from the sWitching body 2 at 
a number of positions Which are offset aXially on the moving 
input ?ber 1 results in better ?ber adjustment precision, 
since the moving input ?ber 1 is guided not only directly, but 
even someWhat before the coupling point With a respective 
output ?ber 4, 6, Which is arranged in a ?Xed position, to the 
respective stop 3, 5, and is pressed against it, thus improving 
the parallelity of the ?ber aXis of the moving input ?ber 1 
and the respective stop 3, 5. Since the position at Which the 
force from the sWitching body 2 acts on the moving input 
?ber 1 for the tWo sWitching movements to the ?rst or, the 
second sWitching state and for the positioning in the tWo 
sWitching states are slightly offset With respect to one 
another (comb principle), adjustment can be carried out With 
respect to both stops 3, 5 Without the relationships for the 
moving input ?ber 1 differing greatly on both sides. 

[0049] FIG. 4 shoWs a perspective vieW of a body 8 and 
of a sWitching body 2 Which is matched to it and comprises 
a carriage 2c in each case having four runners 2d, 26 Which 
act in one direction. On its upper face opposite the runners 
2d, 26, the carriage 2c has a cutout for holding a permanent 
magnet. Furthermore, FIG. 4 shoWs a clamping Wedge 9, by 
means of Which the output ?bers 4, 6, Which are arranged in 
?Xed positions, are held ?rmly laterally in the ?ber groove 
of the body 8, but such that they can be moved aXially, as is 
described in the folloWing teXt With reference to FIGS. 7 and 
8In addition to the ?ber groove and the guide grooves for the 
runners 2d, 26 of the sWitching body, the body 8 also has tWo 
cutouts in Which the clamping Wedge 9 is adhesively bonded 
or can be attached in some other suitable Way. 

[0050] FIG. 5 shoWs a housing for the assemblies of the 
sWitching element as shoWn in FIG. 4, Which comprises a 
housing loWer part 11 and a housing cover 12 that matches 
it, as a three-dimensional illustration. The housing loWer 
part 11 is designed such that it can hold the body 8 and has 
grooves for ?ber guidance, Which are aligned With the ?ber 
groove When the body 8 is inserted into the housing loWer 
part 11. Furthermore, the housing loWer part 11 has holes for 
making electrical contact With the electromagnets of the 
electromechanical actuator 7. The operation of the housing 
cover 12 normally does not correspond to that of the cover 
10 described above, Which rests directly on the body 8 and 
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is not shown in FIGS. 4 or 5. However, it is also possible for 
the housing cover 12 to carry out the function of the cover 
10 With adequate precision, Which means that the cover 10 
may be dispensed With in this case. Further functional 
features of the housing comprising the housing loWer part 11 
and the housing cover 12 Will be explained in the folloWing 
text With reference to FIG. 7. 

[0051] FIG. 6 shoWs, in three illustrations, the con?gura 
tion of the bistable magnetic actuator 7 already mentioned 
above, Which is used for sWitching the sWitching body 2 
according to the invention. By Way of example, the bistable 
magnetic actuator is shoWn in FIG. 6 With a sWitching body 
2 according to the ?rst embodiment of the invention. The 
upper illustration shoWs the magnetic actuator in a second 
sWitching state, in Which the moving input ?ber 1 is 
arranged on the second stop 5 in front of the second output 
?ber 6, Which is arranged in a ?xed position, the central 
illustration shoWs a movement of the carriage 2c to the ?rst 
sWitching state, in Which the moving input ?ber 1 is posi 
tioned on the ?rst stop in front, of the ?rst output ?ber 4, 
Which is arranged in a ?xed position, and the loWer illus 
tration shoWs the arrangement of the electromagnetic actua 
tor With the moving carriage 2c in the ?rst sWitching state. 
The ?gures each shoW only the carriage 2c With the groove 
provided in it together With the side surfaces 2a and 2b as 
Well as the actuator 7, Which comprises the magnets 7a, 7b 
and 7c and not the body 8 or the ?bers 1, 4, 6, since this is 
a ?gure Which is intended to illustrate the functional prin 
ciple of the actuator 7. 

[0052] The electromagnetic actuator 7 comprises tWo 
electromagnets 7b, 7c Which comprise a coil core on Which 
a coil is Wound. The electromagnets 7b, 7c are each arranged 
in an extension of the movement direction of the carriage 2c, 
that is to say, for example, aligned With the guide groove 
according to the second design variant of the ?rst exemplary 
embodiment of the invention. The coil core is composed of 
a soft magnetic material, for example of a nickel/iron alloy. 

[0053] Furthermore, the electromagnetic actuator 7 has a 
permanent magnet 7a, Which is arranged on or in the 
carriage 2c and Whose poles are each aligned With one of the 
coil cores of the electromagnets 7b, 7c. 

[0054] The ?xing, that is to say the pressing of the moving 
input ?ber 1 in a respective rest position against one of the 
stops 3, 5, is provided by the interaction of the permanent 
magnet 7a, Which is mounted on the carriage 2c, With the 
respective coil core of the electromagnet 7b, 7c Which is 
arranged closer to the respective stop. When sWitching from 
one sWitching state to the other, the coils of the tWo 
electromagnets 7b, 7c are activated such that that coil by 
means of Whose core the sWitching body Was held in its last 
rest position noW repels this by means of a magnetic ?eld 
Which counteracts the magnetic ?eld of the permanent 
magnet 7a, While the other coil produces a magnetic ?eld 
Which at the same time attracts the permanent magnet 7a. 
Once the carriage 2c has reached its neW sWitching position, 
then the coil current can be sWitched off and the ?xing is 
once again provided by the magnetic interaction of the 
permanent magnet, but With the correspondingly other coil 
core. 

[0055] This sWitching principle that has been described 
previously is illustrated in FIG. 6. The upper illustration of 
FIG. 6 shoWs that the sWitching body 2 is draWn by the north 
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pole of the permanent magnet 7a, Which is arranged on or in 
it, in the direction of the coil core of a ?rst eletromagnet 7b, 
Which then moves the carriage 2c to the second sWitching 
stage, and thus produces a force by means of Which the 
carriage 2c presses the moving input ?ber 1 against the 
second stop 5 by means of the stop surface 2b. The central 
illustration in FIG. 6 shoWs the process of sWitching from 
the ?rst to the second sWitching state, in that the ?rst 
electromagnet 7b produces a north pole on its side facing the 
carriage 2c and repels the permanent magnet 7a, Which is 
arranged on the carriage 2c, and hence the carriage 2c, and 
a second electromagnet 7c Which is arranged closer to the 
?rst stop, likeWise produces a north pole on its side facing 
the carriage 2c, as a result of Which the south pole of the 
permanent magnet 7a, Which is arranged on the carriage 2c, 
is attracted. This sWitching from the second to the ?rst 
sWitching state results in the moving input ?ber 1 being 
moved by means of the stop surface 2a aWay from the 
second stop 5 toWard the ?rst stop 3. Once the carriage 2c 
has assumed the ?rst sWitching state, then the coil current in 
both electromagnets 7b and 7c can be sWitched off, and the 
carriage 2c is noW held on the ?rst stop 3 only by the 
magnetic interaction of the permanent magnet 7a With the 
coil core of the second electromagnet 7c via the moving 
input ?ber, as is shoWn in the loWer illustration in FIG. 6, 
and as a result of Which a force is produced by means of 
Which the carriage 2c presses the moving input ?ber 1 
against the ?rst stop 3 by means of the stop surface 2a. 
Alternatively, the sWitch may also be driven by means of 
some other actuator, for example by means of a pieZo 
electric actuator, a thermal actuator, for example a bimetallic 
actuator or a memory metal actuator. 

[0056] The functional elements of the sWitch may advan 
tageously be produced by diecasting (if made of metal), 
injection molding (if made of plastic) or by other mass 
production methods. The simplest processing, Whose price is 
at the same time loW, and With the necessary precision, is in 
this case achieved With plastics. HoWever, in the unrein 
forced state, these have a severe, temperature-dependent 
length expansion, Which differs from that of the light guide 
?bers. Reinforced plastics exhibit this effect to a lesser 
extent, but the required surface qualities cannot be achieved 
here. If the entire sWitch is produced from a material Which 
is subject to severe temperature-dependent length expan 
sion, then even a minor temperature change often results in 
the sWitch structure contracting or expanding such that the 
gap betWeen the moving input ?ber 1 and the corresponding 
output ?ber 4, 6, Which is arranged in a ?xed position, is 
decreased or enlarged, so that the attenuation values Which 
are achieved may vary severely. For normal temperature 
requirements, attenuation increases may thus occur at high 
temperatures, and the ?ber ends may abut against one 
another at loW temperatures. 

[0057] This problem can be overcome in design terms by 
the embodiment shoWn in FIG. 7, Which shoWs the ?bers 
mounted on a housing loWer part 11 rather than being 
mounted laterally and axially on the sWitch structure itself, 
that is to say on the body 8, Which housing loWer part 11 
exhibits less temperature-dependent material expansion and 
a temperature-dependent material expansion Which corre 
sponds to that of the light guide ?bers, such as glass or 
ceramic for glass ?ber light conductors or suitable polymers 
for polymer ?bers, to Which the body 8 of the sWitching 
element is once again attached. This material can likeWise be 
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produced very cost-effectively and in large quantities. The 
lack of precision Which can be achieved in this Way is, 
however, sufficient for it to be used as a housing. In FIG. 7, 
both the moving (Within the body 8) input ?ber 1 and the 
output ?bers 4, 6, Which are arranged in ?xed positions 
(laterally Within the body 8), are shoWn as being ?xed ?rmly 
on the housing loWer part 11 by means of adhesive bonds. 
Both lateral and axial ?xing may be provided here, although 
axial ?xing is essential. The sWitch structure Which is 
arranged Within this housing loWer part 11 betWeen the 
adhesive bonds for the input ?ber 1 and the respective output 
?bers 4, 6 is attached at individual points to the housing 
loWer part 11, for example on the output side by adhesive 
bonding of the body 8, so that material stresses resulting 
from different thermal expansions are kept loW. 

[0058] The adhesive bonds of the respective ?bers to the 
housing loWer part 11 ensures that the ?bers are ?xed in the 
axial direction. In the lateral direction, the output ?bers 4, 6 
are ?xed closely in front of the coupling point by means of 
a clamping Wedge 9 Within the ?ber groove that is located 
in the body 8. This clamping Wedge 9 is, by Way of example, 
adhesively ?rmly bonded to the body 8, as is shoWn in FIG. 
8, Which illustrates a section along the line EF shoWn in FIG. 
7, With the housing loWer part 11 not being shoWn here, 
since the aim is to illustrate only the principle of operation 
of the clamping Wedge 9. 

[0059] FIG. 8 shoWs that the clamping Wedge 9 positions 
the output ?bers 4, 6, Which are arranged in (laterally) ?xed 
positions in the body 8, on a respective side Wall 3a, 5a and 
the base 3b and 5b of the ?ber groove that is located in the 
body 8, that is to say on the same stops on Which the input 
?ber is positioned in the corresponding sWitching position. 
The force produced by the clamping Wedge 9 on the corre 
sponding output ?ber 4, 6 produced in a similar Way to that 
produced by the sWitching body 2 on the moving input ?ber 
1, but With the force in this case being de?ected by means 
of stop surfaces, Which are likewise at an angle of 45° to the 
surfaces 3a, 3b, 5a, 5b Which each form a stop 3, 5, from a 
direction toWard the base of the ?ber groove to a direction 
toWard the tWo surfaces Which form the respective stops 3, 
5. The clamping Wedge 9 is connected to the body 8 in the 
cutouts, Which have already been mentioned in conjunction 
With FIG. 4 and position it, for example by adhesive 
bonding. HoWever, instead of adhesive bonding, a detach 
able connection for example by means of a snap-in tech 
nique may also be provided, by Way of example. 

[0060] The clamping Wedge 9 clamps the output ?bers 4, 
6, Which are arranged in (laterally) ?xed positions, such that 
they rest ?rmly against the respective stop 3, 5, but can each 
be moved axially on it, that is to say in their longitudinal 
direction. 

[0061] The axial ?xing of the ?bers on the housing loWer 
part 11 ensures that the ?ber ends of the moving (in the ?ber 
groove of the body 8) input ?ber 1 and the output ?bers 4, 
6, Which are arranged in (laterally in the ?ber groove of the 
body 8) ?xed positions, are opposite one another, With a 
small gap. 

[0062] FIG. 9 shoWs that a number of sWitching elements 
can be placed or stacked alongside one another in order to 
construct a multiple 1><2 sWitch, in Which case each of the 
sWitch bodies 2 can be moved by means of a common 
actuator 7, Which comprises a ?rst electromagnet 7b, a 
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second electromagnet 7c and a number of permanent mag 
nets 7a, corresponding to the number of sWitching bodies 2 
and arranged on them. 

[0063] Furthermore, a ?ber-optic sWitch component With a 
number of actuators can also be constructed by means of one 
or more ?ber-optic sWitches Which are stacked one on top of 
the other or alongside one another. 

[0064] The ?ber-optic sWitching elements, ?ber-optic 
sWitches or ?ber-optic sWitch components described in this 
Way according to the invention can thus be produced by 
producing their individual parts by diecasting, injection 
molding or similar methods in large quantities at a loW price, 
in Which case the assembly process can be automated, since 
the individual parts need to be adjusted only passively. The 
required high accuracy for the alignment of the moving ?ber 
in front of the ?bers Which are arranged in ?xed positions is 
carried out by positioning on common straight Walls, and the 
temperature-dependent longitudinal expansion of the die 
cast or injection-molded material is compensated for by the 
?bers Which are arranged in ?xed positions being ?xed only 
laterally on this material. The insertion loss and back re?ec 
tion are reduced by the optional use of an index matching 
liquid, thus reducing attenuation losses and furthermore 
lubricating the movement, that is to say the Wear on the 
points Which are relevant for positioning is reduced. Fur 
thermore, the moving ?ber is protected against becoming 
brittle. In addition, the ?ber end surfaces may also be 
inclined, in order further to reduce back re?ection. 

[0065] The ?at contact pressure of the ?ber against a stop 
Which is in each case formed by the ?ber groove arranged in 
the body 8 results in distribution of the force and minimiZes 
any sinking-in of the ?ber resulting from elastic deformation 
of the ?ber groove. 

[0066] The ?ber-optic sWitching elements according to the 
invention result in a lateral accuracy and angular alignment 
accuracy in the range of micrometers and milliradians, 
respectively. For this purpose, at least the ?rst and the 
second stop are advantageously manufactured using LIGA 
or laser-LIGA technology. 

[0067] According to the embodiment described above, the 
tWo stops 3, 5 each have tWo stop surfaces 3a, 5a and 3b, 5b, 
Which are (at least virtually) at right angles to one another. 
The tWo stop surfaces may, hoWever, also be at a different 
angle to one another and/or the stops may have a different 
number of stop surfaces. Furthermore, the tWo stops do not 
need to be designed to be the same, either. In one such case, 
only one corresponding stop surface 2a, 2b of the sWitching 
body 2 need be changed and/or arranged such that the force 
is distributed uniformly over the moving input ?ber 1, such 
that the latter rests in such a de?ned position against the 
respective stop, like the output ?bers 4, 6 Which are arranged 
such that they are laterally ?xed and make contact there. 

[0068] Naturally, it is likeWise possible for all the exem 
plary embodiments described above to be combined With 
one another. 

[0069] Furthermore, a 1x2 sWitching element has been 
described above. The teaching according to the invention 
may of course also be applied to an n’2 n sWitching element 
or an n><m sWitching element With an appropriate arrange 
ment of the ?bers, con?guration of the sWitching body 2, and 
of the stops. For example, an arrangement according to the 
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second design variant of the ?rst embodiment according to 
the invention or according to the second embodiment 
according to the invention is feasible, in Which small ?ber 
strips composed of a number of individual ?bers Which are 
located alongside one another and are connected to one 
another rest ?at on one side Wall of a respective stop, being 
positioned at right angles through its base or its con?gura 
tion, for example in the form of a surface matched to the 
small ?ber strip. 

[0070] FIGS. 10 and 11 shoW, by Way of example, hoW a 
2x3 sWitching element may be implemented in Which, for 
example, tWo moving input ?bers are positioned in front of 
three output ?bers Which are arranged in ?xed positions. 
FIG. 10 shoWs, schematically, the position of the tWo 
moving input ?bers F1, F2 and of the three output ?bers F3, 
F4 and F5, Which are arranged in ?xed positions, in the tWo 
sWitching states. The ?ber groove in the body 8 is designed 
to be straight such that the three output ?bers lie alongside 
one another, abutting against one another, and the tWo outer 
?bers each rest on one of the stops 3, 5. In the section 
illustrations shoWn in FIG. 11 along the lines GH, IK for the 
?rst sWitching state, and GH, I‘K‘ for the second sWitching 
state shoWn in FIG. 10, it can be seen that the side Walls of 
the ?ber groove according to this exemplary embodiment 
are inclined through approximately 45°, such that the base of 
the ?ber groove is broader than the opening that is opposite 
it. Furthermore, it can be seen from FIG. 10 that, in this 
embodiment, a carriage 2c is provided as the sWitching body 
2, and in each case has tWo runners 2d, 26, Which act in one 
direction and are offset in the ?ber longitudinal direction, 
since the side Walls of the ?ber groove have interruptions, 
Which are offset in the ?ber longitudinal direction, at the 
points of the guide grooves, Which run at right angles to the 
?ber groove. 

[0071] In the ?rst sWitching state, the second moving input 
?ber F2 is pressed by the side Walls 2a of the ?rst runners 
2d against the ?rst moving input ?ber F1, Which is in turn 
pressed against the ?rst stop 3 and is positioned on it. Since 
the side Wall 3a of the ?ber groove and the stop surface 2a 
of the runner 2d are inclined, both the moving input ?bers 
are pressed against the base 3b of the ?ber groove and are 
positioned as is shoWn in the section illustration I-K in FIG. 
11. The section illustration G-H shoWs that the tWo moving 
input ?bers F1, F2 do not rest on the stop surfaces 2b of the 
second runners 26 in the ?rst sWitching state. Since the 
output ?ber F3, Which is arranged in a ?xed position, 
likeWise rests on the ?rst stop 3 and is positioned With 
respect to it, and the second output ?ber F4, Which is 
arranged in a ?xed position, rests on the ?rst output ?ber F3, 
Which is arranged in a ?xed position, the ?rst moving input 
?ber F1 is positioned in front of the ?rst output ?ber F3, 
Which is arranged in a ?xed position, and the second moving 
input ?ber F2 is positioned in front of the second output ?ber 
F4, Which is arranged in a ?xed position, in the ?rst 
sWitching state. 

[0072] In the second sWitching state, the second moving 
input ?ber F2 is pressed via the ?rst moving input ?ber F1 
by the second stop surfaces 2b of the second runners 26 
against the second stop 5, as is shoWn in the section 
illustration G‘-H‘, on Which the third output ?ber F1, Which 
is arranged in a ?xed position, likeWise rests, and on Which 
in turn the second output ?ber F4, Which is arranged in a 
?xed position, once against rests. The section illustration 
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I‘-K‘ shoWs that the tWo moving input ?bers F1, F2 do not 
rest on the stop surfaces 2a of the ?rst runners 2a' in the 
second sWitching state. Since the second stop 5 and the 
second stop surfaces 2b of the second runners 2e are inclined 
in the same Way as the ?rst stop 3 and the ?rst stop surfaces 
2a of the ?rst runners 2d, both the moving input ?bers F1, 
F2 are pressed against the base 5b of the ?ber groove, and 
are positioned on it. The ?rst moving input ?ber F1 is thus 
positioned in front of the second output ?ber F4, Which is 
arranged in a ?xed position, and the second moving input 
?ber F2 is positioned in front of the third output ?ber F5, 
Which is arranged in a ?xed position, in the second sWitching 
state. 

[0073] The carriage is arranged above the moving input 
?bers F1, F2, such that they cannot slide one above the other 
during the movement. 

1. A ?ber-optic sWitching element, in Which at least one 
moving ?ber (1) is positioned by means of a sWitching body 
(2) on a ?rst stop (3) in front of at least one ?ber (4), Which 
is arranged in a ?xed position, or on a second stop (5) in 
front of at least one second ?ber (6), Which is arranged in a 
?xed position, characteriZed in that the at least one moving 
?ber (1) is moved With respect to the ?rst or second stop (3, 
5) by the sWitching body (2) for positioning, and is pressed 
?at against the ?rst or second stop (3, 5). 

2. The ?ber-optic sWitching element as claimed in claim 
1, characteriZed in that the sWitching body (2) is constrained 
in its sWitching movement by the ?rst or the second stop (3, 
5) only via the at least one moving ?ber 

3. The ?ber-optic sWitching element as claimed in claim 
1 or 2, characteriZed in that the at least one ?rst ?ber (4), 
Which is arranged in a ?xed position, rests on the ?rst stop 
(3), and the at least one second ?ber (6), Which is arranged 
in a ?xed position, rests on the second stop 

4. The ?ber-optic sWitching element as claimed in one of 
claims 1 to 3, characteriZed in that the sWitching body (2) 
has a carriage Which is not connected to the at least one 
moving ?ber and has at least one ?rst stop surface (2a), by 
means of Which the at least one moving ?ber (1) is moved 
With respect to the ?rst stop (3) and can be pressed against 
it, and at least one second stop surface (2b) is provided, by 
means of Which the at least one moving ?ber (1) is moved 
With respect to the ?rst stop (5) and can be pressed against 
it. 

5. The ?ber-optic sWitching element as claimed in claim 
4, characteriZed in that one stop surface (2a, 2b) of the 
sWitching body (2) is in each case arranged inclined With 
respect to surfaces (3a, 3b, 5a, 5b) Which form a corre 
sponding stop (3, 5), such that the at least one moving ?ber 
(1), Which is pressed against the corresponding stop (3, 5) by 
the sWitching movement of the respective stop surface (2a, 
2b) of the sWitching body, rests against the surfaces (3a, 3b, 
5a, 5b) Which form the stop (3,5). 

6. The ?ber-optic sWitching element as claimed in one of 
claims 1 to 5, characteriZed in that the ?rst and the second 
stop (3, 5) are each formed by a side Wall (3a, 5a) and the 
base (3b, 5b) of a groove, against Which side Wall (3a, 5a) 
and base (3b, 5b), respectively, the at least one ?rst and the 
at least one second ?ber (4, 6), Which are arranged in a ?xed 
position, rest. 

7. The ?ber-optic sWitching element as claimed in claim 
6, characteriZed in that the respective side Walls (3a, 5a), 
Which also form the respective ?rst and second stop (3, 5), 
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are, at least in the region of the stop surface (2a, 2b) of the 
switching body for a moving ?ber (1), at a level Which is less 
than the ?ber diameter of the one moving ?ber 

8. The ?ber-optic sWitching element as claimed in claim 
6 or 7, characterized in that the respective side Walls (3a, 5a) 
Which also form the respective ?rst and second stop (3, 5) 
have, in the region of the sWitching body (2), at least one 
interruption, in each of Which a part of the sWitching body 
(2) runs Which acts on the at least one moving ?ber 

9. The ?ber-optic sWitching element as claimed in claim 
8, characteriZed in that the interruptions in the opposite side 
Walls (3a, 5a) are offset With respect to one another. 

10. The ?ber-optic sWitching element as claimed in one of 
claims 1 to 9, characteriZed in that the sWitching body (2) is 
driven by a bistable or monostable magnetic actuator 
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11. The ?ber-optic sWitching element as claimed in one of 
claims 1 to 10, characteriZed in that the sWitching body (2) 
and/or the body (8) Which has the ?rst and the second stop 
(3, 5) are produced by molding. 

12. A ?ber-optic sWitch characteriZed by one or more 
?ber-optic sWitching elements Which are stacked one on top 
of the other, as claimed in one of claims 1 to 11, Whose 
sWitching bodies (2) are driven jointly by a common actua 
tor 

13. A ?ber-optic sWitch component, characteriZed by one 
or more ?ber-optic sWitches Which are stacked one on top of 
the other, as claimed in claim 12. 


